The Manual of Low Energy Office Design  by Pi, Yifan & Yu, Tao
 Procedia Engineering  121 ( 2015 )  1962 – 1968 
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ISHVAC-COBEE 2015
doi: 10.1016/j.proeng.2015.09.188 
ScienceDirect
Available online at www.sciencedirect.com
9th International Symposium on Heating, Ventilation and Air Conditioning (ISHVAC) and the 3rd 
International Conference on Building Energy and Environment (COBEE) 
The Manual of Low Energy Office Design 
Yifan Pia, *, Tao Yub 
a Faculty of Built Environment, University of New South Wales, Sydney, Australia 
bTunnel and Rail Transportation Department, CCCC Highway Consultants CO.,Ltd, Beijing, China  
Abstract 
With the energy crisis and energy-related environmental issues increasingly severe, how to solve them has become an important 
part of sustainable development. As a significant consumer in the field of energy, commercial buildings consumed enormous 
energy worldwide. Therefore, implementing low energy design in commercial building sector has become the necessary measure 
and effective way to save energy consumption. This manual is to develop the skills of sustainability together with design factors 
and principles to achieve low energy office design through consider the aspects of internal and external factors of the selected 
office as well as employ renewable energy. It is not only suitable for the selected office, but for the common modern offices as 
well. Meanwhile, it could also provide design suggestions and as a guideline for designs and architects. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. INTRODUCTION 
1.1. What is low energy building? 
The definitions of low energy buildings do not have a world-wide one, but it usually indicates the buildings 
which have better energy performance than the normal energy-efficient requirements in building code. According to 
Tofield B (2012), the low energy building is the construction that is designed to reach or close to reach the criteria of 
 
 
* Corresponding author. Tel.: +86-15070112009; fax: +86-0701-3778626. 
E-mail address: 408613953@qq.com 
© 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ISHVAC-COBEE 2015
1963 Yifan Pi and Tao Yu /  Procedia Engineering  121 ( 2015 )  1962 – 1968 
passive house and these criteria are followed in the design process to guarantee that the low energy plan is achieved 
in practice without cause a negative influence to the occupants comfort and environment at the same time. 
1.2. Why the low energy design is needed in modern office? 
Buildings, as one of the primary sector, consumed about 40% of global energy consumption (Omer 2008) and the 
energy consumption in the building sector will increase 34% in the next two decades (Energy Information 
Administration 2006). As one of the important part in the building sector, commercial buildings consumed 
enormous energy and the energy consumption in commercial sector in developing countries account for about 75% 
of this total figure (de Ia Rue du Can and Price 2008).Therefore, reducing the energy consumption in commercial 
sector and implement and obey low energy design criteria are significant to solve the energy related issues, such as 
reduce greenhouse gas emission.  
1.3. Purpose of this manual 
The purpose of this manual is to develop the skills of sustainability, design factors and principles of low energy 
office for developers to design low energy office to some degree. The manual will be used as the guideline and help 
to make decisions of how to design and manage the internal and external components to achieve energy efficiency, 
water efficiency and reduce energy consumption. These guides will be used at the office design stage as well as 
during the office’s operation process. 
2. Methods 
This paper uses the methods of critical literature review, site observation, and interrogation of secondary data to 
analyze the hypothetical office; and then gives recommendations and actions in terms of the research and analysis to 
achieve the criteria of low energy building. 
3. Results and discussions 
3.1. Background – general status of the office 
The selected hypothetical modern office is located in the city of Tianjin, China. It is a three-storey office building 
and do not has other tall building in surroundings to shield it. The office has large area of glass curtain walls and 
facing the north. The area of it is approximately 1180m2 and has various function zoning (one kitchen, two meeting 
rooms, one activity room, three toilets and three bathrooms). As the typical modern room, there are various 
equipments and facilitates, such as printers, computers, air-conditioners, shredders, and projectors etc. 
The energy consumption in the chosen office is mainly in the aspects of lighting, heating and cooling and 
equipments operation. The ventilation system of it is the mechanical system together with a small proportion of 
natural ventilation due to most of the windows is sealed. The lighting system in the office is consisting of two parts: 
artificial lighting (energy-saving lamps) and natural lighting. With respect to the control of the lights, the measure 
adapted is one switch control the all lights in one area. In addition, almost all the windows have equipped with 
interior curtains that the employees could control the intensity of natural lighting according to their desires. The 
measure of wall’s thermal insulation is inner insulation and the windows are all adopting single glazing and do not 
set external shading devices. 
3.2. The criteria of low energy buildings 
The city of Tianjin has enacted its own energy saving design standards of public buildings to improve the energy-
efficiency and reduce building energy consumption. The energy saving designs in the code are mainly achieved by 
the measures of improve the building envelope thermal insulation properties, perfect the energy efficiency ratio of 
HVAC system, and better the efficiency and layout of the lighting system etc. Compared with the building that does 
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not adopt these energy saving measures, the building that implement these measures could reduced approximately 
50% of the total annual energy consumption when ensure the same indoor environmental parameters. 
Together with some other energy-efficiency and green design codes, parts of low energy design criteria are as 
following: heat transfer coefficient of external wall (including non-transparent curtain walls) ≤ 0.2 W/(m2·k); heat 
transfer coefficient of windows ≤ 1.0 W/ (m2·k), installation should ensure good air tightness, watertight, and 
thermal insulation as well; according to the condition of local climate and natural resources, making full use of solar, 
geothermal and other renewable energy; the proportion of renewable energy use in the total building energy 
consumption should more than 10%; use of water-saving appliances and equipments and ensure water-saving rate 
≥8%; and the proportion of the area of external windows that can be opened should not less than 30% of the total 
area of external windows. 
3.3. The manual of low energy office design 
This section will provide the design principles and measures to achieve the criteria of low energy buildings for 
the selected office. It will consider the aspects of the internal and external factors of the office building as well as the 
employ of solar energy. 
3.3.1 External factors 
Building envelope has the direct and significant influence on building’s energy consumption. Cost-effective 
retrofits of building envelope are the great method to decrease the energy consumption. According to Popescu et al. 
(2012), though retrofit the existing commercials buildings, a decline up to 75% of energy-saving can be look 
forward to. 
3.3.1.1 External shading devices 
One of the main reasons to cause more energy consumption in the office for air-conditioning in summer is the 
solar radiation come from the windows (Grynning et al. 2014). Adopting effective shading measures to reduce it is 
one of the most effective ways to achieve building’s energy saving. Except for reducing the air-conditioning load, 
the shading facilities could also reasonable controls the solar ray into the room and improve indoor light 
environment (Hirning et al.  2014), which further reducing the energy consumption of artificial lighting. 
 
Compared with internal shading devices, the energy-saving effect of external shading are better due to it could 
markedly cut down the interior solar gains (Bellia et al. 2013). It can divide into the following three types according 
to the angle of shielding the sun (Su 2012): 
x Horizontal shading: This type can shield the sunlight with larger elevation angle effectively and has the 
advantages of to maximize use of winter sunlight and to prevent winter sunlight. 
x Vertical shading: This form cans effective keep out the light come from side and the light with small elevation 
angle.  
x Baffle-type shading: This kind of shading is widely used due to the advantage of it can adjust the angle according 
to the needs of people to meet the requirements of sunshade. 
When employ the above shading methods in the chosen office, the factors of local climate conditions, building 
orientation and room’s function should be considered. In addition, in relation to low-rise building like the chosen 
office building, adopting plants to sun-shade is also one of the effective and economic ways. Furthermore, the plants 
(e.g. grass) can reduce the reflection ray from ground enter into room. The methods to use plants are as following: 
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x Planting trees in a certain distance from the building to provide perfect shading effect to the building’s window 
and walls. The plants usually select arbor that is tall, branches stretched wide, flourish in summer and fallen 
leaves in winter.  
x Employing plants which growing attached to the wall (e.g. morning glory) to provide sunshade. 
3.3.1.2 External windows and doors  
The heat losses from window is the significant part of the total heat loss of a construction (Freire et al. 2011) due 
to the heat transfer coefficient of window is usually large compared with external wall. In modern office sector such 
as the selected office, in order to have a good condition of view and lighting, it usually has a large area of windows 
which further lead to more energy loss. In order to achieve the criteria of low energy building, the following factors 
should be considered during the design process (Su 2012):  
x Reasonable control window’s area and choosing material: Under meeting the basic requirements of ventilation 
and lighting, the area of window should be decrease. Meanwhile, based on the local climate factors, the windows 
toward different direction should adopt different design measures to determine the best area of windows. In 
addition, the design should select glass with high thermal insulation properties and better light transmittance as 
well (e.g. Low emissivity glass). 
x Choosing suitable window’s type: Selecting double glazing windows, which have the benefits of to greatly 
improve energy-efficiency for heating, cooling and lighting of building and better indoor thermal and acoustic 
comfort conditions as well (Gijón-Rivera et al. 2011), to replace the traditional one. According to the assessment 
conducted in the commercial building sector in UK, by using double glazing window to replace single one, it has 
the potential to save energy about 39%-53% (Mortimer et al. 1998). 
The design of external door is also an important factor. Tianjin is a cold and windy region, in order to avoid 
outside cold air enter into office through external door, the foyer should be consider to adopt. As the transition space 
between indoor and outdoor, the foyer has the function of thermal insulation to reduce the heat loss. The design of it 
should consider the local predominate wind direction in winter to decide the direction and location of the foyer’s 
door to minimize the cold air infiltration (Su 2012). In addition, installing weather strips on door and around 
window is also important to reach energy saving due to it can reduce air flow between indoor and outdoor during the 
period of use air-conditioning or heater. 
3.3.1.3 Roof 
According to Thormark (2002), roof is the most significant portion of building’s envelope structure to lower the 
energy consumption. Increasing mass structure and thermal insulation of roof can restrain and delay heat into indoor 
room as well as decrease building’s diurnal temperature amplitude (Balaras 1996). To improve the energy saving 
performance of the roof in the selected office, green roof is a good choice. 
In general, green roof indicates the roof employ vegetation to cover on the surface of it to promote absorb 
rainwater and enhance thermal insulation (Goussous et al. 2014). It reflects about 20%-30% of solar radiation as 
well as absorbs approximately 60% by photosynthesis, remaining heat is get into growing medium (La Roche et al. 
2014). Therefore, combined with green roofs, office building can not only bringing visual comfort to staffs, but 
reduce solar radiation into building’s interior space in summer and improve building’s thermal insulation properties 
in winter effectively. A fundamental design of green roof includes the water proof membrane and growing medium; 
other additional layers can be set to achieve more intensive green roof.  In addition, due to the roof of the selected 
office is flat roof that the convection of heat and cold transfer in the flat green roof is relatively weak, the design 
could consider to provide some slope to enhance the effect of air convection when setting green roof. This will let 
the green roof take away more heat in summer.  
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3.3.1.4 External wall 
External wall is the subject of the external structure. According to Mohsen and Akash (2001), up to 77% of 
building energy consumption could be saved if the wall and roof insulation is better. Currently, the main stream 
approach for external wall insulation system is to optimize the structural design of the building skin which means to 
combine high-strength load-bearing materials (e.g. brick) and lightweight insulation materials with low thermal 
conductivity to form the composite wall (Xu 2006). The kinds of composite wall are mainly classified into three 
types: exterior thermal insulation, interior thermal insulation and sandwich insulation. The method used in the 
selected office is interior thermal insulation due to it is construction convenient and relatively low cost. However, it 
cannot eliminate the effect of ‘Heat Bridge’ which causing the performance of thermal insulation is relative poor 
(Pavlík and Černý 2009). 
In order to achieve the energy saving, the method of exterior thermal insulation can be adopted due to the 
following advantages: it can fundamental eliminate the effect of ‘Heat Bridge’ to improve thermal insulation 
property and prolong the life of the main structure. 
3.3.2 Internal factors 
Energy consumption in office building is primarily in the aspects of heating and cooling, lighting and equipments 
(Santamouris and Dascalaki 2002). This section is mainly considered from these aspects together with water 
management to achieve the low energy design. 
3.3.2.1 Lighting 
Globally, lighting is a significant part to minimize the entire energy consumption (Hanselaer et al.  2007). In 
general, lighting account for about 20-45% of electricity need in commercial building sector (Dubois and 
Blomsterberg 2011). Expect for adopt energy-efficiency lightings, this manual mainly consider from the design 
aspect to achieve energy-saving that the following measures could be adopt to retrofit the old offices or as the 
guideline to construct new offices: using separate switched for each light; install timers to turn off lights for the case 
that employee forgets to turn off it after work; for the not common used area, using voice-activated lights; 
reasonable layout distance of the lights; adopt tubular skylight (e.g. fiber optic). In addition, like the selected office 
which has a large depth indoor, it could through reasonable indoor planning to make the infrequency rooms in the 
location that away from windows, but make the working area near the window to maximize the use of nature 
lighting. 
3.3.2.2 Heating and cooling 
The energy consumed in the aspects of heating and cooling is a significant part in the office energy consumption 
and the energy consumption of HVAC system occupy for more than 40% of the total energy consumption in 
building sector (Yu and Chow 2001). According to Wang et al. (2013), energy-saving could be reached through 
effectively regulate the temperature set point; meanwhile, according to Chinnakani et al. (2011), it can also be 
achieved by use optimal control technique. 
Based on the aforementioned two concepts, the temperature in the office should be set in a suitable range 
according to local climate condition and standard. For the selected office in Tianjin, the ‘Building Energy 
Conservation Code’ regulates the indoor temperature setting in summer is 26-28°C and in winter is 18-22°C. In 
relation to the optimal air-supply method, the selected office can use the method of Task Ambient Conditioning due 
to it has the potential to reduce energy consumption up to 30% (Zhang et al. 2010) and improve thermal comfort in 
workspace (Cho et al. 2001) that compared with traditional air-conditioning system. 
In addition, using Ground Source Heat Pump is also an effective way to reduce energy consumption. Compared 
with conventional air-conditioner, the Ground Source Heat Pump put the condenser and evaporator under the ground 
to conduct heat exchange with shallow rock or groundwater to achieve the use of low-temperature shallow 
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geothermal energy for heating and cooling (Qian and Wang 2014). It also has the following advantages: use of 
renewable resources; less occupied area and conservation of water resources; and green and do not produce waste 
during the operation. 
3.3.2.3 Office equipments 
In modern office, there are many and various equipments. With office becomes more energy-efficient, the small 
equipments (e.g. computer) are becoming an increasingly important source of energy end-use (Kaneda et al. 2010). 
Expect for employ energy-efficient equipments to replace the old one, obeying the sustainable principle of energy 
use that reduces is the best, and then is the passive and efficiency (Alexander H 2014) in the process of use 
equipments is an important method to save energy, for example, no matter how energy-efficiency the equipments 
are, turn off them when do not use. This has the close link to staffs’ behavior, so ensure the office has some designs 
(e.g. suggestive slogan in the wall to reminder turn off the equipments) for reminder staffs about this principle. 
3.3.2.4 Water management 
Like the selected office which has the kitchens, bathrooms and toilets, the water consumption is enormous. The 
following designs strategies can be adopted to achieve reduce water use: using rainwater harvest tower to collect 
rainwater in the rooftop and then use the rainwater to flush sanitary ware; installation of dual piping systems to 
separate the water from shower, kitchen (grey water) and from toilet flushing (black water) to reuse the grey water 
for toilet flushing; employ water-saving appliances, such as waterless urinals. 
3.3.3 Employ of Solar energy 
It will make a great contribution to achieve the low energy design through take advantage of the renewable 
energy. Solar is one of the most important renewable energy source and seems pretty welcome for electricity 
generation due to it will not add carbon dioxide emission as well as it is environmental friendly. To employ solar 
energy in the selected office, the following design strategies could be considered (Su 2012): 
x Solar panel used in the roof: The design should consider the best orientation of solar panels according to the 
trajectory of sun and surroundings. 
x Solar panel combined facade: It should consider the factor of solar elevation angle to decide how to install the 
solar panels. In high latitudes area (≥50°), the solar panels should be installed in vertical direction to receive more 
solar radiation; on the contrary, it should be set in horizontal direction. 
x Solar panel combined with shading devices: The surface of external shading devices is a great area to install solar 
panel due to it not only could save space, but also the external shading devices often have a certain inclination 
angle to provide suitable conditions to install PV panels. In addition, this method is suitable both for new 
building or retrofit old buildings. 
4. Conclusion 
In conclusion, designing office to achieve low energy building criteria is important to response to energy crisis 
and to reduce the greenhouse gas emission. It is also the inevitable trend in the future. Although this manual is 
developed based on a hypothetical modern office to achieve low energy design, the all aspects and factors involved 
could also be used in common modern offices. This manual not only illustrates what aspects and factors should be 
considered for office to achieve the criteria of low energy building, but gives the measures of how to achieve it.  
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